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Communication of amended entries concerning the representative (Rule 92(1)li) EPC) 



As requested, for the sd30ve-mentioned European patent application/European patent the entries 
concerning the representative have been amended as follows: 



Damen, Daniel Martijn 

Philips Intellectual Property & Standards 

P.O. Box 220 

5600 AE Eindhoven 

NL 



The amendment will be recorded in the Register of European Patents. 
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Communication pursuant to Rules 109 and 110 EPC 



(1) Amendment of application documents, especially the claims (R. 109 EPC) 

The above mentioned international (Euro-PCT) application has entered the European phase, or can do so, 
once the necessary conditions are fulfilled. 

Under Articles 28, 41 POT, Rules 52, 78 POT and Rule 86(2) to (4) EPO, the applicant may amend the 
application documents after receiving the international search report. 

Whether or not he has already done so, he now has a further opportunity to file amended claims or 
other application documents within a non-extendable time limit of one month after notification of 
the present communication (R. 109 EPC). 

The claims applicable on expiry of the above time limit, i.e. those filed on entry into the European phase or 
in response to the present communication, will form the basis for the calculation of any claims fee to be paid 
(see laage 2) and for any supplementary search to be carried out under Article 157(2) EPC (R. 109 EPC). 
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(2) Claims fees under Rule 110 EPC 

If the application documents on which the European grant procedure is to be based comprise more than ten 
claims, a claims fee shall be payable for the eleventh and each subsequent claim within the period provided 
for in Rule 107(1) EPC. 

□ Based on the application documents cuniently on file, all necessary claims fees have already been paid 
(or the documents do not comprise more than 1 0 claims). 

E7 All necessary fees will be/have been debited automatically according to the automatic debit order. 

□ The claims fees due for the claims to were not paid within the above-mentioned 



Any non-paid claims fee, either based on the current set of claims or on any amended claims to be filed 
pursuant to Rule 109 EPC (see pe^e 1), may still be validly paid within a non-extendable period of grace of 
one month after notification of this communication. 

If a payment is made for only some of the claims, it must be indicated for which clams it is intended. If a 
claims fee is not paid in due time, the claim concerned is deemed to be abandoned (R. 1 10(4) EPC). 

If claims fees have alreeidy been paid, but on expiry of the above-mentioned time limit there is a new set of 
claims cont£iining fewer fee-incurring claims than previously, the cl£ums fees in excess of those due under 
Rule 1 10(2), 2nd sentence, EPC will be refunded (R. 1 10(3) EPC). 

You are reminded that any supplementary search under Article 157(2) EPC will relate only to the last set of 
claims applicable on expiry of the above time limit AND will be confined to those fee-incurring claims for 
which fees have been paid in due time. 



The fee for the eleventh and each subsequent claim is EUR 40,00. 
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Koninklljke Philips Electronics N.V. 



Notification of European publication number and information on tlie application of Article 67(3) EPC 

The provisional protection under Article 67(1} and (2) EPC in the individual contracting states becomes 
effective only when the conditions referred to in Article 67(3) EPC have been fulfilled (for further details, see 
information brochure of the European Patent Office "National Law relating to the EPC and additional 
information in the Official Journal of the European Patent Office). 

Pursuant to Article 158(1) EPC the publication under Article 21 POT of an international application for which 
the European Patent Office is a designated Office takes the place of the publication of a European patent 
application. 

The bibliographic data of the above-mentioned Euro-PCT application will be published on 24.05.06 in 
Section 1.1 of the European Patent Bulletin. The European publication numk)eris 1658559. 



In all future communications to the European Patent Office, please quote the application number plus 
Directorate numkier. 
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Application Nc/Patent No. 

04744376.7 - 221 1 


Applloant/Proprietor 

Koninklljke Philips Electronics N.V. 



The international search report, or the declaration under Article 17(2)(a) PCT, has been published under 
Article 21(3) and Rule 48 PCT on 09.03.06. That publication takes the place of the mention of publication of 
the European search report (Art. 157(1) EPC). 

The request for examination must be filed within six months from the above date (Art. 94(2) in conjunction 
with Art. 157(1) EPC). It is not deemed to have been filed until the examination fee has been paid. 
However, under Article 22 or 39 PCT in conjunction with Article150(2) and Rule 107(1) EPC, the time limit 
for filing it does not expire before the end of the 31 st month from the filing date (or earliest priority date). 
Payment of the designation fees must also be made within the above-mentioned period (R. 107(1) EPC). 
The same applies also for the extension fees. 

If the request for examination is not filed in due time, and at least one designation fee is not paid, the 
European patent application is deemed to be withdrawn (Art. 94(3), 79(3) and R. 108(1) EPC). 

For more details see the Guide for applicants Part 2: PCT proceedings before the EPO-'Euro-PCT". 
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Communication pursuant to Rules 109 and 110 EPC 



(1) Amendment of application documents, especially the claims (R. 109 EPC) 

The above mentioned intemational (Euro-PCT) application has entered the European phase, or can do so, 
once the necessary conditions are fulfilled. 

Under Articles 28, 41 PCT, Rules 52, 78 PCT and Rule 86(2) to (4) EPC, the applicant may amend the 
application documents after receiving the international search report. 

Whether or not he has already done so, he now has a further opportunity to file amended claims or 
other application documents within a non-extendable time limit of one month after notification of 
the present communication (R. 109 EPC). 

The claims applicable on expiry of the above time limit, i.e. those filed on entry into the European phase or 
in response to the present communication, will form the basis for the calculation of any claims fee to be paid 
(see page 2) emd for any supplementary search to be carried out under Article 157(2) EPC (R. 109 EPC). 
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(2) Claims fees under Rule 110 EPC 

If the application documents on which the European grant procedure is to tie tiased comprise more than ten 
claims, a claims fee shall be payable for the eleventh and each subsequent claim within the period provided 
for in Rule 107(1) EPC. 



O Based on the application documents currently on file, all necessary oleums fees have already been paid 
(or the documents do not comprise more thein 1 0 claims). 



SS All necessary fees will be/have been debited automatically according to the automatic debit order. 



□ The claims fees due for the claims to were not pad within the above-mentioned 



Any non-paid claims fee, either based on the current set of claims or on any amended claims to be filed 
pursuant to Rule 109 EPC (see page 1), ma.y still be validly paid within a non-extendable period of grace of 
one month after notification of this communication. 

If a payment is made for only some of the claims, it must be indicated for which claims it is intended. If a 
claims fee is not paid in due time, the claim concerned is deemed to be abandoned (R. 1 10(4) EPC). 

If claims fees have already been paid, but on expiry of the above-mentioned time limit there is a new set of 
claims containing fewer fee-incurring claims than previously, the claims fees in excess of those due under 
Rule 1 10(2), 2nd sentence, EPC will be refunded (R. 1 10(3) EPC). 

You are reminded that any supplementary search under Article 1 57(2) EPC will relate only to the last set of 
claims applicable on expiry of the above time limit AND will be confined to those fee-incurring claims for 
which fees have been peiid in due time. 



The fee for the eleventh and each subsequent claim Is EUR 40,00. 
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To the European Patent Office 

Entry fnto the European phase (EPO as designated or elected 
Office) 



European application number 


PCX application numtser 


PCT/iB2004/050S64 


PCT publication number 


Applicant's or representative's reference 


PHNLj030728EP 


1. Applicant 

Particulars of the applicant(s) are contained In the international publication or were 
iBooided by the International Bureau subsequent to the international pubDcafion. 


m 


Changes which have not yet been racordad by ttia international Bureau are set out hena: 
Address for correspondence 


□ 


2. Representative 1 

This is the representative who will bo listed in the Reglstsr of European Patents and to 

whom notifteations will be made 

Name 


DEJONG. DuricJ. 


Address of place of business 

Telephone 
Fax 


Philips Intellectuai Property & Standards 
P.O. Box 220 
l^-S600AE Eindhoven 
Netherlands 

+3140 2743505 
+31 40 2743489 


a-matl 

Any additional representative(s) Is/are listed here: 


□ 


3. Authorisation 
An individual authorisation is attached. 


□ 


A general authorisation has been rsgistersd under No: 


□ 


A general aiAhorlsalion has been filed, but not yet reglstared. 


□ 


The authorisation ffled with the EPO as r>CT receiving Office expressly Includes the 
European ptiase. 


□ 


4. Request for examination 

Examination of the application under Art 94 EPC is hereby requested. The examination 
fee Is being (has been, win be) paid. 


0 



l^uest for examination In an admissible non-EPO language: Q 

Veizocht wordt om onderToek van de 
aanvnage als bedoeid in Art 94. 



5. Copies 

Ona or more additional sets of copies of the documents cHed In the supptementaiy Q 



^fumt)e^ of additional sets of copies 



6. Documents Intended for proceedings before the EPO 

6.1 Proceedings befom Uto EPO as designated Office (PCT i) are to Iw liased on ttw 



tiw application documents published by the intemaOonai Bureau (with ail claims, g| 
descfipUon and drawings), where applicable with amended claims under Art 19 PCT 

unless replaced by the amendments attached. Q 
Where necessay, daritteatlons shoM bo attached as XJtherDoaunerOa' 

6.2 Proceedings before the EPO as elected Ofiioe (PCT il) are to be based on the following 

documents: 

the documents on which the International preliminary examination report is based, Q 
including any annexes 

unless replaced by the amendments attached. Q 
Wham neoesaaty, darifksatkma shoM be attached as X}ther Documents' 



7. Translations 

Translations in one of tiw official languages of tlie EPO (EngDsh, French, German) are 



> In pmoaef»n^befu9»9 EPO aa detonated or ^actedOmoeff^T I *Ui: 

Translation of the International appHcaOon (description, daims. any text In the 
drawings) as originally filed, of the abstract as published and of any indication under 
Rule 13bls.3 and 13bi8.4 PCT rc 



of prioiliy application(s) Q 

it is hereby dedanad that the intamatlonal application as orfglnany fBed is a completB Q 
translation of the previous appHcaOon (Rule 38(5) EPC) 

* In addition, In pmoeedlngs before the EPO as designated OfUce (PCT I): 

Translation of amended claims and any statement under Art 19 PCT, If the claims as Q 
amended are to form the basis for the proceedings before the EPO (sea Section 6). 

* lnadditlon.lnpmcaedln^befoiBOieEPOaselea0dom»(PCTII): 

Translation of annexes to the IntemationalprBlifflinaryexamlnaUan report n 



8. Biological material 

The Invention relates to and/or uses biological material deposited under Rule 28 EPC. 



□ 



The partlculaiB referred to in Rule 28(1 )(c) EPC (if not yet Icnown, the depository □ 
institutton and the identification fBfi9rence(8) [numtrar, symbols, eta] of the depositor) are 
given In the International publication or In the translation submitted under Section 7 on: 

page(8)/llne(s) 

A copy of the recalpt(s) of deposit Issued by the depositaiy Institution 

is attached □ 
will be filed at a later date n 
A waiver of the right to an undertaMng fiom the requester pursuant to Rule 28(3) EPC Is Q 



9. Nucleotldo and amino add sequonces 



The sequence listing as part of the description is attached in PDF format \~\ 
The sequence listing does not Indude matter that goes beyond the content of the Q 



10. Designation fees 

1 0.1 it Is cunBnUy intended to pay seven times the amount of the designation fee. Tha 
des^naUon fees for an the EPC contracting states designated In the international 
application ars thereby deemed to have been paid (Ait 2 No. 3 RFees). 



IS under Rule 108(3) EPC be issued in respect of 



10.3 if an automatic debit order has bewi Issued (Section 12). the EPO is authorised, on 
expliy of the basic period under Ruto 107(1Xd) EPC, to debit seven times the amount of 
the designation lee. if states are Indicated In No. 1 0.2. the EPO wID debit designation lees 



1 1 . Extension of the European patent 



This application is also consldeiBd as being a request for extension to all the 
non-contnacting states to Vhe EPC designated in the international application with which 
'extension agreements' were in force on the date of filing the international application. 
(However, the extension only takes effoct if the prescribed extension fee is paid. 

It is cuffently intended to pay (he extension fee for the following states: 



12. Automatic debit order 

Currency 

The EPO Is hereby authorised, under the Arrangements for the automatic debiting 
procedure, to debit from tiie deposit account below any fees and costs faDIng due. For 
designation fiaes, see "States'.The EPO is also aulhorised. on exptiy of the basic period 
for paying the extension fees, to debit those fees for each of the -extension states' 
indicated in 'States', 

Deposit account number 
Account holder 



m 

EUR 



B 0f any) should be made to the following EPO 



Number and account holder 



28090021. PhlOps Intemationai B.V. - iP&S 





Factor applied 


Fee achadule 


Amount to be paid 


14-1 


002 Search fee 




0 




690.00 


0.00 


14-2 


015 Claims fee 




1 




40.00 


40.00 


14-3 


020 Basic national fee for an int 


emational 


1 




90.00 


90.00 


14-4 


8pptiC86on 

033 Renewal (iae for the 3id yee 




1 




380.00 


380.00 






Total: 






EUR 


510.00 



16. Signature(8) of appllcant(8) or representative 

Place: Eindhoven 
Date: 8 November 2005 
Signed by: Subject: NL, Philips IP&S. J. van der Veer 

Issuer , European Patent Office, European 
Capacity: ( Representative ) 



Patent Offlee CA 



For employBes (Art. 133(3) EPC) having a general authorisation: 
General authorisation No. 




Patentamt Patent' Office jcies,breyets: 



Acknowledgement of receipt 

We hereby acknowledge receipt of the form for entry into the European phase (EPO as designated or 
elected Office) as follows: 



Submission number 
PCT plication number 
Date of receipt 


77516 

PCT/IB2004/050964 
8 November 2005 


Your reference 

, A<iiiL 'ii.lt ' Applicant 
=^ 7 ' Country 

Documents submitted 


PHNL03072dEP'^ ^ ^ - . . , 


EPF1200.PDF 
ep-euro-pct.xml 




application-body .xml 
1 package-daULxml 




ki^ Submitted by 

% Z' sk Method of submission 

^ J Date and time receipt 
¥4.^ yrf~2 „ generated 

Hi. ;p ^ 

EHgest 


CN=J. van der Veer 10J6;6=P1^^sJi^&S.;(^NlJ _^ \; 

Online ^ - ^ 

8 November 2005, 15:44:23 

_ , - '-^ ^ 

' FF:40^: 94:A5:AA:A? :D3:26:DA:EC:30:46:47:4C:FA:3A:23:D 
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Patentamt 
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Genera Id ire ktion 



Directorate General 



Direction g6n6rale 



Koninklijke Philips Electronics N.V. 
Groenewoudseweg 1 
5621 BA Eindhoven 
PAYS-BAS 



illlliilHi 



EPO Customer Servlcea 



Tel.: +31 (0)70 340 45 00 



Date 



03.11.05 



Reference 



Application No7Patent No. 

04744376.7 - 221 1 PCT/IB2004050964 



Applioant/Proprietor 

Koninklijke Philips Electronics N.V. 



Entry into tlie European pliase before the European Patent Office 

These notes describe the procedural steps required for entry into the European phase 
before the European Patent Office (EPO). You are advised to read them carefully: 
failure to lake the necessary action in time can lead to your application being deemed 
withdrawn. 

1 . The above-mentioned international patent application has iseen given European 
application No. 04744376.7. 

2. Applicants without a residence or their principal place of business in an EPC contracting state may 
themselves initiate European processing of their international applications, provided they do so tiefore 
expiry of the 31st month from the priority date (see also point 6 below). 

During the European phase before the EPO as designated or elected Office, however, such 
applicants must be represented by a professional representative (Arts. 133(2) and 134(1), (7) 



Procedural acts performed after expiry of the 31 st month by a professional representative who acted 
during the international phase but is not authorised to act before the EPO have no legal effect and 
therefore lead to loss of rights. 

Please note that a professional representative authorised to act before the EPO and who acted 
for the applicant during the international phase does not automatically become the 
representative for the European phase. Applicants are therefore strongly advised to appoint In 
good time any representative they wish to initiate the European phase for them; otherwise, the 
EPO has to send all communications direct to the applicant. 

3. Applicants with a residence or their principal place of business in an EPC contracting state are not 
obliged to appoint, for the European phase before the EPO as designated or elected Office, a 
professional representative authorised to act before the EPO. 

IHowever, In view of the complexity of the procedure It Is recommended that they do so. 

4. Applicants and professional representatives are also strongly advised to initiate the European phase 
using EPO Form 1200 (available free of charge from the EPO). This however is not compulsory. 
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5. To enter the European phase before the EPO, the following acts must be performed. 
(N.B.: Failure validly to do so will entail loss of rights or other adverse legal consequences.) 



5.1 If the EPO is acting as designated or elected Office (Arts. 22(1)(3) and 39(1) PCT respectively), 
applicants must, within 31 months from the date of filing or (where applicable) the earliest priority 
date: 



a) Supply a translation of the international application into an EPO official language, if the 
International Bureau did not publish the application in such a language (Art. 22(1) PCT and Rule 
107(1)(a) EPC). 

If the translation Is not filed In time, the International application Is deemed withdrawn 
before the EPO (Rule 108(1) EPC). 

This loss of rights is deemed not to have occurred if the translation is then filed within a 
two-month grace period as from notification of an EPO communication, provided a surcharge is 
paid at the same time (Rule 108(3) EPC). 



b) Pay the national basic fee (EUR 1 60,00) and, where a supplementary European search report 
has to be drawn up, the search fee (EUR 960,00 ; Rule 1 07(1 )(c) and (e) EPC). 



c) If the time limit under Article 79(2) EPC expires before the 31 -month time limit, pay the 

designation fee (EUR 75,00) for each contracting state designated (Rule 1 07(1 )(d) EPC). 



d) If the time limit under Article 94(2) EPC expires before the 31 -month time limit, file the written 
request for examination and pay the examination fee (EUR 1 430,00 ; Rule 1 07(1 ){f) EPC). 



e) Pay the third-year renewal fee (EUR 380,00) if it falls due before expiry of the 31 -month time 
limit (Rule 1 07(1 )(g) EPC). 

If the fees under (b) to (d) above are not paid in time, or the written request for examination is not 
filed in time, the international application is deemed withdrawn laefbre tiie EPO, or the 
contracting-state designation(s) in question is (are) deemed withdrawn (Rule 108(1) and (2) EPC). 
However, the fees may still be validly peud within a two-month grace period as from notification of 
an EPO communication, provided the necessary surcharges are paid at the same time (Rule 
108(3) EPC). For the renewal fee under (e) above, the grace period is sbc months from the fee's 
due date (Article 86(2) EPC). 



5.2 If the application documents on which the European grant procedure is to Ise based comprise more 
then ten claims, a claims fee is payable within the 31 -month time limit under Rule 107(1) EPC for 
the eleventh and each subsequent claim (Rule 110(1) EPC). The fee can however still be paid 
within a one-month grace period as from notification of an EPO communication pointing out the 
failure to pay (Rule 1 1 0(2) EPC). 



6. If the applicant had a representative during the application's international phase, the present notes will 
be sent to the representative, asking him to inform the applicant accordingly. 

All subsequent communications will be sent to the applicant, or - If the EPO Is Informed of his 
appointment in time - to the applicant's European representative. 
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7. For more details about time limits and procedural acts before the EPO as designated and elected Office, 
see the EPO brochure 

How to get a European patent 

Guide for applicants - Part 2 

PCT procedure before the EPO - "Euro-PCT" 

This brochure, the list of professional representatives before the EPO, Form 1200 and details of the 
latest fees are now all available on the Internet under 

http://www.european-patent-office.org 
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Europaisches "European Office europeen 

Patentamt Patent Office des brevets 



Bescheinigung Certificate Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprOnglich eingereichten 
Fassung der auf dem ndch- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung Oberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the foliowing 
page, as originally filed. 



Les documents fixSs d 
cette attestation sont 
confbrmes a la version 
initialement dSposte de 
la demande de brevet 
europ6en sp6cifi6e d la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n" 

03101977.3 ^ 



PRIORITY DOCUMENT 

SUBMITTED OR TRANSMITTED EN 
COMPLIANCE WITH 
RULE 17.1(a) OR (b) 



For the President of the European Patent Office 
Le President de i'Offlce europeen des brevets 



R C van DIJk 



EPA/EPO/OEB Form 1014.1 - 02.2000 7001014 




Europdlaehes 
Patsntamt 



European 
Patent Office 



Office europden 
des brevets 



Anmeldung Nr: 

Application no.: 03101877.3 
Demande no: 



Anmeldetag: 

Date of filing: 25.06.03 
Date de ddpot: 



Anmel der/Appl TcantC s)/Deinandeur( s) : 

Koninklljke Philips Electronics N.V. 
Groenewoudseweg 1 
5621 BA Eindhoven 
PAYS -B AS 



Bezel chnung der Erf Indung/Tltle of the Inventlon/Tltre de 1' Invention: 
(Falls die Bezelchnung der Erflndung nicht angegeben 1st, slehe Beschrelbung. 
If no title Is shown please refer to the description. 
SI aucun titre n'est Indlqud se referer A la description.) 

INSTRUCTION CONTROLLED DATA PROCESSING DEVICE 



In Anspruch genommene Pr1or1at(en) / Pr1or1ty(1es) claimed /Priorities) 
revend1qu€e(s) 

Staat/Tag/Aktenze1chen/State/Date/F11e no./Pays/Date/Numfiro de d«p3t: 



Internationale Patentklasslflkatlon/Internatlonal Patent Classification/ 
Classification Internationale des brevets: 

606F9/00 



Am Anmeldetag benannte Vertragstaaten/Contraeting states designated at date of 
flllng/Etats contractants d^slgnties lors du d£pdt: 



AT BE B6 CH CY GZ DE DK EE ES FI FR 6B 6R HU IE IT LU MC NL 
FT HQ SE SI SK TR LI 



03101877.3 



2 



EPA/EPO/CEB Form 1014.2 - 01.2000 



7001014 



PHNL030726EPP 



1 11.06J2003 

Instruction controlled data processing device 



The inventian relates to an instruction controlled data processtag device. 
PCT patent application No. WO00/604S7 discloses a VLIW processing 
device. A VLIW processing device contains a plurality of functional units that are each 
capable of executing an instruction in parallel vnttx other fiinctionai units. A VLIW 
5 i>roc6S8ing device processes VLIW instruction words that each generally contain a pluralily 
of instructions for execution in parallel hy respective fiinctionai units. A VLIW processor has 
the advantage of enahling higb-speed execution of programmed processing tasks, but this 
advantage is bought at Ihs expense of high memory use and high power consunq)tion. 
WOOO/60457 aims to reduce the instruction memoiy size needed fijr programs for VLIW 
10 processing devices. For this purpose the processing device composes VLIW instructions in 
response to instructions in a memory. Thus, an original instruction fixim memory is translated 
into a plurality of instcucticms in a VLIW instruction word, to be executed in parallel witii 
different functional units. 

High power c<nisun^on is caused, among otiiers, by tiie need to issue many 
15 instractions in parallel and tiie need to access a caster file for each issued instruction. These 
problems axe not addressed by WO00/604S7. 

Among others, it is an object of tiie invention to provide for a reduction of 
po\^ cfflisunqption in an instruction controlled processmg device. 

Among others, it is an object of the invention to provide for areduction of 
20 power consunq>tion in particular in a VLIW procfflsing device. 

The device according to the invention is setfimh in Claim 1. This device 
contains a gcaap of functional units that are connected in parallel to an issue slot and ports of 
a register file, for alternatively executing instractions issued fixim the issue slot with operands 
fiom at least one port and writing results to at least one port la addition to these alternative 
25 instructions, the device provides for a combination instruction in response to which more 
than one functional unit from the group responds, a result from a first one of the fimctional 
units being routed to an operand input of a second one of the fimctional imits in response to 
the combination instruction. The r^ult of the second one of the fimctional units is used to 
produce the result of the combination instruction. By using a combination instruction, one 
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can reduce the number of instructions that needs to be issued to the group of functional units 
during execution of a program for a give task, thereby reducing power consumption. In 
contrast to WO00/604S7, the comibiDatton instruction is not split out into multiple 
instructions that have to be issued separately, but issued in one issue slot Thus, the device 
S partly g^es against the philosophy of VLIW processing, by partly avoiding die need to issue 
instructions fbr different functional units in parallel, even though, of course, odier 
instructions may be issued in parallel witii the combination instniction in a same VLIW 
instruction word. 

In an embodiment the processing device has a selectable clock rate fbr 

10 instruction cycles. By reducing the clodc rate used during execution of processing tasks that 
do not need a high^ clock rate, power consumption is reduced. When a processing task has 
to be executed at high speed the clock rate is increased up to a maTriminn at which all 
individual functional units can just execute the instruction within one instruction cycle. 
According to one aspect of the invention the device is constructed so that more dian one 

IS fimctional unit responds to the combination instruction in the same instruction cycle, acting 
in series, and the clock rate can be increased to such a high speed that the series execution of 
the combination instruction no longer fits within one instruction cycle. When the clock rate is 
increased to such a level, use of the combination instruction is avoided, for example by 
executing only programs that do not contain combination instructions, or switching between 

20 alternative versions of program that do and do not use combination instructions to 

accomplish tbe same task respectively, or by translating flie combination instructions into 
instructions executed by different functional units in successive cycles. 

In this way, increased power saving can be realized, because when Ifae device 
executes at a slow dock rate the total number of instructions tbat has to be issued to execute a 

25 inxicessing task can be reduced by combining instructions into a condnnation instruction, for 
which die issue slot needs to be active only during one instruction cycle. When the 
combination instruction does not use up more instruction cycles than normal instiuctions its 
use seduces die time needed to execute a program, making it possible to reduce die clock rate 
even fiirtfaer fbr a processing task dut has to be executed in a specified time interval. 

30 In another embodiment the processing device is a VLIW processor diat 

contains a plurality of functional units to which instmctions firom an instruction word can be 
issued in parallel, fbr execution in parallel. In this embodiment a bypass coupling is provided 
from a result ou^ut of a further fimctional unit, which receives an instruction in parallel widi 
the group of functional units that receives the combination instruction, to an operand input of 
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the second one of tiie fonctional units tiiat responds to tbe combinatian instmctian and also 
leceives the result of the first one of the functional unit Pceferably, die bypass connectian 
contains no latch for pipelining the execution stage executed by the fimctional units over 
multiple instruction cycles. Thus, a VLIW instruction word may be used that contains a 
S combination instniction for one groiqi together with another insl^^ ' 
tibat delivers an operand used during execution of tiie combination instruction. As a result at 
sufBdentiy low clock speeds fewer instmctions need to be issued, while still maintaining 
sufficient speed. 

In a farther embodiment execution of the combination instruction may extend 
10 over more than one instruction cycle. Thus, the combination instruction can also be executed 
at clock rates at which secies execution does not fit within one instruction cycle. In one 
embodiment intermediate registers are provided to latch results that are routed fiom one 
functional unit to another v/hea both functional units respond to the combination instruction. 
However, tiiis requires additional power consumption by the register and it spUts execution. 
IS In another embodiment no register is used between the functional units, making use of wave 
pipelining to pass results &om one fimctional unit to anotiier in part of an intoval that spans 
more than one instniction cycle. 



20 These and other objects and advantageous aspects ofthe invention will be 

described using the following figures 

Figure 1 shows a processing device 

Figure 2 shows a group of fimctional units 

Figures 3a,b show timing aspects 
25 Figure 4 shows a plurality of groups of functional units 

Figoxe 5 shows a fiirfher group of fimctional units 



Figure 1 shows a processing device coniprising an instruction memory 17, an 
30 instruction issue unit 10, with an issue slot 11, a group of functional units 12, a register file 
14, a clock circuit 16, a clock rate selection circuit 18 and a program counter 19. Program 
cotmter 19 has an ou^ut cotq)led to an address iriput of instruction memory 17. Instruction 
memory 17 has an output coupled to instruction issue unit 10. Issue slot 1 1 of instruction 
issue unit 10 contains outputs for an operation code coupled to groiq} of fimctional units 12 
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and a first operand register address and a second operand register address and a result register 
address coupled to register file 14. Group of fimctional units 12 has operand inputs coiqiled 
to outputs of register file 14 and a result output coYq)led to an input of register file 14. 

Although only one group of fimctional units 12 is shown, it should be 
understood that a plurality of groups may be present in parallel. In this case instruction issue 
unit contains a respective issue slot fiir each groiq> of functiaiial units, with an ou^ut coupled 
to an operation code input of the relevant group and register address ou^uts coiqiled to 
register file 14. Also in this case register file 14 has a sqparate result input £br each group of 
fimctional units, as well as a separate operand output 

Clock rate selection circuit 18 has an oulput coupled to a control input of clock 
circuit 16 and program counter 19. Clock circuit 16 has a clock ou^t coupled to instruction 
issue unit 10 and register file 14. Instruction issue unit 10 is coupled to program counter 19. 
In operation a clock signal firom clock circuit 16 defines successive instruction cycles. 
Normally a respective instruction is executed in each instruction cycle. In each instruction 
cycle instmction issue unit 10 issues an operation code of a command that is part of an 
instruction to group of fimctional units 12. Similarly, instruction issue unit 10 issues operand 
register addresses for an instruction to register file 14 in each instruction cycle and instruction 
issue unit 10 issues a result register address for an instruction to register file 14 in each 
instruction cycle. Due to pipelining, tbe operation code, operand regist^ addresses and result 
register address that are issued in the same instruction cycle may belong to different 
instructions. 

In an instruction cycle group of fimctional imits 12 executes a command 
identified by the operation code fix>m instruction issue imit 10, using one or more operands 
received finm register file 14. 

Figure 2 shows group of fimctional units 12 in more detail. Group 12 contains 
a phixalily of fimctional units 20a,b (only two shown fiir the sake of clarity, but more may be 
present). Operand inputs 22a,b of groiq> 12 are coupled to operand inputs of fimctional units 
20a,b. Result outputs of fimctional units 20a,b are coupled to a result output of groi:^! 12 via 
an oulput multiplexer 26. An operation code mput 24 is cotqpled to operation code inputs of 
fimctional units 20a,b and output multiplexer 26 (preferably operation code 24 is coupled to 
fimctional units 20a,b and output multiplexer 26 via a pre-decoder, but this is not shown for 
the sake of clarity). 

Group 12 also contains a control unit 28 and an input multiplexer 29. Input 
multiplexer 29 has a first input coupled to operand input 22a of the group and an ou^ut 
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coi:^led to an operand input of a second functional unit 20b. A second ii^t of ii^nit 
multiplexer 29 is coupled to a result ou^t of a first functional unit 20a. Control unit 28 is 
coupled to operation code input 24 and has an ou^t coupled to a selection input of input 
multiplexer 29. 

5 In operation, lecdved qperation codes of a first type each identify one of the 

functional units 20a,b which executes flie qperation code. For operation codes of Ihis first 
type control unit 28 makes inrput multiplexer 29 pass the operand Aom operand ii^t 22b. 
The identified functional unit 20a,b executes a processing operation (for example ADD, or 
Multiply) identified by the operation code, using the operands applied to its operand inputs. 
10 The identified functional unit 20a,b outputs a result Output multiplexer 26 passes the result- 
from the identified functional unit 20a,b to the result ou^ut of the group of fimctional units 
12. 

Figure 3a shows timing aspects of execution of operations by fimctioaal units 
20a,b. On top a trace 30 indicates successive instmction cycles. Each instruction cycle lasts 

IS for a duration of Tl. Below the top line minimum time intervals 32, 34 have been indicated 
that are needed by functional units 20a,b to produce results during execution. Time intervals 
32, 34 may depend on the kind of operation that is selected by the qperation code, on the 
functional unit 20a,b that executes the qperatum and the operand data used in the qperation. 
However, the result is always available before the end of the instruction cycle, i.e. the 

20 duration of die inter^^ is shorter than Tl. It should be noted that figure 3a only tthows 

intervals needed fin: execution in a functional unit In practice, operation may be pipelined, so 
that processing of each instruction involves an instruction fetch stage, an operand fetch stag^ 
an execution sta^ and a result write sta^, the different stages being executed in successive 
instruction cydes, if need be iafter latdbing intermediate results. Tims intervals 32, 34 

25 concern only the execotian stage. 

The operation codes also include operation codes of a second type, which 
result in operation of a cascade of functional units 20a,b. When an operation code of the 
second type is applied to operand input 24, control unit mfikes input multiplexer 29 pass a 
result finm a first one of the functional units 20a to an operand input of a second one of the 

30 functional units 20b. Output multiplexer 26 passes the result fiom second one of the 
fimctional units 20b to the result output of groiqi of fiurctional units 12. 

As an example of an qperation code of the second type is an operation code for 
the computation of an operand to a sum of a square 
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result = A* A+B 

In tids exanaple, first fooctioiial unit 20a of grovp 12 is a multiplier and second fimctional 
unit 20b of groiqi 12 is an adder. The epacatton has Ihe registBr addresses of legisters that 
S contain A and B as operands. In response to the operation code first fiinctional unit 20a of 
group 12 forms the product A*A. In response to the same operation code control unit 28 
causes multiplexer 29 to pass the products A*A as opraand to second functional unit 20b of 
group 12. Still in response to the same operation code second functional unit 20b of group 12 
finrns a sum Ai'A+B of the received products A*A and die operand B. It should be 

10 appreciated that this operation code is merely an example. Operation codes may be provided 
for other operations (e.g. A*A-B, A/((A+B), etc. A*B+A), a single such operation code may 
be supported or a plurality. 

When more operands are available either through inclusion of more than two 
operand register addresses in a command, or through inclusion of more than one operand in 

IS the same register, more cornplicated operations may be executed. E.g. when operands contain 
pairs of numbers (ReAJmA) and (ReB, ImB) that each represent the real part and the 
imaginary part of a complex number, a combination operation may instruct multiplier 
functional units to ferm products of the real parts (ReA*ReB) and of the imaginaiy parts 
(ImA*ImB) respectively and an addor to sum the products. Jn this case, group 12 preferably 

20 contains at least two multipliers and an adder as functional units, as well as multiplexers 

imder control of control unit 28 to select whether the adder receives operands fiom operand 
iiqmts 22a,b or fi»m tiie multipliers. 

Figure 3b shows timing aspects of the execution stage of execution of an 
operation selected by an operation code of the second type. In this case, the duration of 

25 instruction cycl^ is T2. The duration of time interval 36 needed before a result of this 

operation is available is a sum of a duration of a first time interval 36a needed by the first one 
of the functional units 20a, a duration of a second time interval 36b needed to pass the result 
of the first one of tihe fimctional units 20a to the operand input of the second one of the 
functional units 20b and a duration of a third time interval 36c needed by the second one of 

30 the functional units 20b (To be more precise, instead of the duration of second time interval 
36b one should consider a differoace between the duration of the time interval needed to pass 
the result ftom the output of the first one of the fiinctional units 20a to the operand input of 
the second one of the functional units 20b minus the duration of the interval needed to pass 
an external operand to tiiis operand input; this differmce may be negative). 
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The overall duration of the interval 36 before the result of an operation of the 
second type is available is longer than the duration of die intervals 36a, 36c needed by the 
functional units 20a,b for tiie operations of which tiie operation is made ixp. Nevertheless itds 
overall duration should fit within the duration T2 of an instruction i^Ib. 

Clock rate selection circuit 18 siqiplies a signal to dock circuit 16 to select the 
clock rate, i.e. the duration Tl or T2 of flie instruction cycle. Preferably, the clock rate is set 
as low as possible (to an instruction cycle duration tiiat is as long as possible) without 
compromising the ability to executed of required tadcs within a required time-interval. By 
reducing the dock rate power consumption of the device is reduced. 

The selectable clock rates include a slow clock rate at which the duration 
execution of instructions of the second type fits within an instruction cycle (duration T2) and 
a fast clock rate at which the duration executioa of instructions of the second type does not fit 
within an instraction cycle (duration Tl). When the clock rate is set at the slow clock rate a 
task is executed using instructions with operation codes of the second type. When the clock 
rate is set at the &st clock rate the task is executed without using instiuctions with operation 
cades of the second type, e.g. by replacing each instruction witii an operation code of the 
second type by more than one instruction witb an operation code of the first type. By using 
instructions with operation codes of the second type at the slow clock rate the number of 
instruction cycles needed to execute a task is reduced. Thereby execution speed is increased. 

Any way of adapting the instructions en^iloyed in executing the task may be 
used. In one embodiment, instruction memory 17 stores instructions of at least two programs 
for executing die same task, one using instmctions with operation codes of the first type and 
anodier one not using such instructions. In this embodiment dock rate selection circuit 18 
sdects the relevant program in addition to the clodc rate, for example by setting the initial 
value of program counter 19 at the start of execution of the task. 

Howeva, many oflier ways may be used to avoid tiie use of operation codes of 
the second type during execution of the task. For examqple, instructions maybe executed to 
junq> to eitiier a program with operation codes of the second type or without this type of 
operation codes, dependent on the clock rate that has been set. Similarly, translation of 
instruction addresses into physical memory addr^ses maybe made dependent on the selected 
clodc rate so as to select the appropriate instructions. In these cases it is not necessary to 
provide alternative versions (with and without qpoiation codes of the second type) of flie 
whole program for executing a task: instead alternative versions may be provided only for 
sections of the program that contain such instructions (in this case instructions with opearation 
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codes of the second type are preferably included only in frequently executed sections). As an 
alternative instruction issue unit may even be arranged to translate an instruction with an 
operation code of the second type into a plurality of instructions without such qpearation codes 
on the fly, if the fast clock rate has been selected. 
5 Preferably the operation codes of the second type siqiport frequently executed 

instructions. 

Although Hie invention has been illustrated by means of an onbodiment with a 
clock rate selection circuit 18, it will be understood that the dock rate may be selected in 
other ways, fbr exaxnple under control of the part of Hie program counter value, so tiiat the 

10 clock rate is set dependent on the segment of a program from whidi instractions are being 
executed, or under control of instructions fixnn the program. 

Figure 2 illustrates an embodiment in which several fimctional units 20a,b 
respond to the same operation code of the second type. In addition control unit 28 responds to 
this operation code and ou^ut multiplexer 26 outputs a result from only one of the 

1 5 responding fimctional units 20a,b. However, it will be understood that a (pre-)decod6r (not 
shown) may used that detects which fimctional units must be activated in response to an 
operation code and that activates these functional units 20a,b. In this case die (pre-)decoder 
activates one fimctional unit 20a,b per instruction cycle when ttie operation code is of the first 
type and a combination of fimctional units when the operation code is of the second type. 

20 As shown^ each of the fimctional units 20a,b that is activated in response to the operation 
code of the second type is also able to respond individually to an operation code of the first 
type. Thus, instruction units 20a,b are efiScientiy reused. However, in an alternative, a part of 
the fimctional units 20a,b that is used to execute an operation code of the second type in 
cascade may be of a type timt does not respond individually to any operation code of the first 

25 type. Thus a certain overhead has to be introduced into the gfovsp of fimctional units 12. 

Although only a single iiqiut multiplexer 29 is shown by way of sxanqile, and 
only two fimctional units 20a,b, it will be understood that in practice more con^licated 
connection networks may be provided betwem the ootputs of functional units 20a,b or 
additional fimction units (not shown) in groiqi 12. 

30 Figure 4 shows two groups 12,40 offimctional units for use in a processing 

device as shown in figure 1, implementing a fiuiha aspect of the invention. Each of the 
groups 12, 40 has an operation selection input 24, 48 coiqiled to a respective issue slot from 
the instruction issue unit (not shown), and to read and write ports of the register file (not 
shown). Thus, the device is a YLIW processor (Very Long Instruction Word processor) that 
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contaiiis multiple, substantially independentiy selectable commaiids fiir dififerent groujis 12, 
40. A first one of the groups 12 is atranged as shown in figure 2, except that a furtber 
mukqplexer 44 has been added, to a fust hqiut of which the second opraand input 22b of 
groijp 12 is coupled. An output of further multiplexer 44 is coiqiled to an operand iiqiut of 
5 second functional unit 20b. Fuidier multiplracer 44 has a control input coiq)led to control unit 
28. 

A second group of functional units 40 contains a number of fimctional units 
40a, 40b. The output of one of the functional units 40b of second group 40 is coupled to a 
second input of fiuther multiplexer 44 via a bypass connection 42. 

10 In operation control unit 28 recognizes when the operation code of a 

combination instruction is issued to group of fimctional units 12. If so, control unit 28 causes 
multiplexers 29, 44 to pass operands fixim the first functional unit 20a of group 12 and from 
functional unit 40b of further group 40 to the operand inputs of second functional unit 20b of 
group 12. Both first and second functional unit 20a,b of group 12 respond to tiie combination 

15 instraction, first functional unit 20a receiving operands from ihe operand inputs 22a,b of 

group 12, multiplexer 26 passing the result firom second functional unit 20b to the write port 
of register file tbat is provided for group 12. 

Aprogtam stored in instruction memory 17 contains an instruction tiiat 
contains conmiani^ for both groups 12, 40. The instruction contains a combination command 

20 for a first group 12 and the conmnand for tibie second groiqi 40 contains an operation code that 
activates second fimctional unit 40b of Ihe second group. Thus, in response to the instruction, 
both first functional unit 20a of first group 12 and second fimctional unit 40b of second gpmp 
40 produce results that are used as operands by second functional unit 20b of groiq) 12. The 
result &oax second functional unit 40b of second group 40 is passed between the groups 12, 

25 40 via bypass connection 42. Multiplexons 29, 44 pass the results as operands to second 
functional unit 20b of first group 12. 

As an exanople, this type of instruction may be used for a nmltiply-add 
operation in \vbich tiie products of two pairs of operands are added 

30 result = A*B^*D 

In this exanople, first fimctional unit 20a of first groiq) 12 is a multiplier, second functional 
unit 40b of second groi:^) 40 is a multiplier and a second functional unit 20b of first group 12 
is an adder. The instruction contains a multiply-add ctmunand (the combination conomand) 
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that is issued to first group 12 and a multiply command that is issued to second group AO. The 
multiply-add command has the register addresses of registers that contain A and B as 
operands and the multiply command has the addresses of registers that contain C and D as 
operands. In response to the instruction first functional unit 20a of first group 12 and second 
S functional unit 40b of second group 40 form the product A*B and C*D re^ectively. In 
response to the same multiply-add instruction continl unit 28 causes multiplexers 29, 44 to 
pass these products as qperands to second fiinctional unit 20b of first group 12. Still in 
response to the same multiply-add instruction second functional unit 20b of first groiqi 12 
forms a sum A*B+C*D of tiie received jxroducts A*B and C*D. 

10 This type of conibinedmultipUcation and addition is a fiequentlyocconing 

combination of instructions, fiir example in multiplication of complex xnunbers and tberefiire 
the instruction reatizes considerable savings in the number of instructions that need to be 
issued for this type of operation. However, it should be realized that tiie invention is not 
limited to this instruction. For example, a similar technique could be applied to multq)lication 

15 and subtraction, to compute A^B-C'D, or to any other combination of operations that occurs 
in certain program. The device may support an operation code for one combination 
instruction only or for a plurality of such instructions. 

It should be noted that, when executing a program with the functional units of 
the embodiment of figure 4, the instruction cycle rate is too fast to accommodate the 

20 delays of second functional unit 40b of second group 40 and second functional unit 20b of 
fust group 12 in succession, the program may be adapted so as to eliminate combin^on 
instructions, as discussed in the context of figure 2. The combination instruction may provide 
for selection of results fiom difierent functional units (alternative to second functional unit 
40b of second group 40) for use as operand for second functional unit 20b of first group 12. 

25 These different fiinctional units may be part of a single group 40 or of a plurality of difEeroat 
groiqps. Without deviating &am the invention second groiq} 40 may contain only one 
fiinctional unit (second functional unit 40b). 

Figure 5 shows an alternative groiQ) fif functional units 12 for use in the 
device. In the embodimioits show this &r, the combination qpraation is executed in a single 

30 instruction cycle. In the rahbodiment of figure 5 multiple instruction cycles ace used. Group 
of fonctional units 12 contains a control register 50 with an input coiq)led to control unit 28 
and ou^uts coupled to control inputs of multipl^cers 29, 44 and second fiinctional unit 20b. 
First data inputs of multiplexers 29, 44 ate connected to operand inputs 22a,b. Result 
registers 52, 54 are provided with ou^uts coiqiled to second data inputs of multiplexers 29, 
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44. Iiqiats of result registsrs 52, 54 are coupled to the result oulputs of one or more fiinctional 
units (e.g. 20a) in groiq) 12 and/or to the result ou^uts of one or more functional in other 
groups (not shown). The input connections are not shown fin: the sake of clarity. . 

In operation, control unit 28 responds to a comhinatton instruction issued for 
5 execution in a first instruction cycle by causing c<nitrol register SO to load information for 
controlling multipliers 29, 44 and second fimctional unit 20b of fucst group 12. This 
infoimatiaa controls multiplexers 29, 44 and second fiinctional unit 2ab of first groiip 12 in a 
second instruction cycle that follows the first instraction cycle. In the second instruction 
cycle results latched in result registers 52, 54 are passed as operands to second fonctional unit 
10 20b of group 12 and this second fonctional unit 20b receives a control signal to execute its 
part of the command in^lied by the combination instruction in the second instruction cycle. 
In response second functional unit 20b produces a result at the end of the second instraction 
cycle. 

hi this way a next instruction can be executed in group 12 in the second 

1 5 instruction cycle, in parallel with execution of part of the combination instruction by second 
fonctional unit 20b. For exaniple, execution of a first instruction to conq)ut6 A*B-C*D could 
be started in a first instruction cycle and a second instraction to compute A*I>t-B*C could be 
started in the next instruction cycle. Unis, the real and imagmaiy parts of two nnmbocs A-HC 
and B-HD are coniputed using two instructions. 

20 OfcouTse it should be avoided that a confiict occurs between foe results fixnn 

both foe combination instraction and foe next instraction. This may be realized in various 
ways. In one embodiment the next instruction is selected fixnn a subset of instructions that do 
not produce a result in the second instruction cycle (e.g. anofoa combination instraction, or a 
NOP instraction). In this embodiment control register 50 also controls output multiplexer 26 

25 to pass the result fitim second fimctional unit 20b. fo another embodiment a bypass rogister 
(not shown) may be used to pass foe result of second fonctional unit 20b in parallel wifo foe 
result fixim the fonctional unit that responds to the next instruction. 

It shoiild be noted that in foe embodiment of figure 5 foe prog^ram need not be 
adapted when foe instruction cycle rate is too fost to accommodate foe delays of foe first and 

30 second fimctional unit 20a,b in a single instraction cycle. 

Alfoough figure 5 shows result registers 52, 54 inserted before multiplexers 
29, 44, foese registers 52, 54 may be omitted if wave pipelining is used. In this case 
propagation delays within foe fonctional units 20a,b are used to allow results fiom foe 
combination instruction and the next instraction to be present simultaneously at foe outputs 
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of second fimctional vmit 20b and the Amctional unit that executes the next instruction. In a 
further embodiment registers may be provided in fiont of the particular functional units that 
produce the results used by second functional unit 20b of first group 12. These registers are 
arranged to respond to the combination instruction by latch the operands of these functional 
5 units and to supply these operands, a&ex the operands have been applied directly fiom inputs 
22a,b in a first instructifm cycle, to the particular functional units also daring a subsequent 
instruction cyde. 

Alflioug^ the invention has been illustrated using combination instructions 
involving successive execution of tv70 functional units in series in response to the same 
10 command, it vrill be understood tbat combination commands may be provided involving a 
greater number of fimctional units in series. 
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1 . An instTUction controlled data processing device, the device comprising 

an instruction issue unit (1 0), having an issue slot ( 1 1 ) for issuing instructions 
fiom an instruction set, the instruction issue unit issuing respective ones of ttxc instructions in 
successive instruction cycles; 
5 - a register file (14) with an read port and a write port; 

a group (12) of fimctional units (20a,b), each functional unit (20a,b) having a 
control input coiq>led to the issue slot (1 1), an operand input (22a,b) coiq>led to the read port 
and a result output coiqiled to the write port, each functional unit (20a,b) being arranged to 
respond to instructions firom a respective sub-set of the instruction set to winch the other 
10 fioncttonal units C20a,b) do not respond, the instruction set further oonqnisiE^ a combination 
instruction to which a first and second one of die functianal units (20a,b) respond; 

a control unit (28) coupled to the issue slot (1 1) and responsive to Ihe 
combination instructian fiom the instruction set, to route the result output of flie first one of 
tiie functional units (20a) to the operand input of (be seccmd one of the functional units (20b).. 

15 

2. An instruction controlled data processing device according to Claim 1, 
organized as a VLIW processor, the issue slot (11) being one of a plurality of issue slots of 
the instruction issue unit for issuing a VLIW instruction word that contains the combination 
instruction as one of its instructions, the register file (14) having a plurality of sets of read 

20 and write ports, the device comprising respective functional units or groups of fimctional 
units each coupled to a respective one of the issue slots and the sets of read and write ports 
for executing respective instructions fixim the VLIW instruction word, the first and second 
one of the fimctional units in responding to the combination instruction issued in die issue 
slot in parallel with execution of instructions issued in die same instruction word as the 

25 combination instruction. 



3. An instruction controlled data processing device according to Claim 1, 

wherein the first and second one of the functional units (20a,b) respond to the combination 
instructian in a same instruction execution cycle. 
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4. An instruction controlled data processing device according to Claim 3 , 
comprising a clock circuit (16) for clocking the instruction cycles, the clock ciicuit (16) 
having a pluialily of selectable clock rates, including a first clock rate that is sufiBciently slow 
to accommodate within an instruction execution cycle the latency involved in producing a 
result fiom the second one of the fimctional units (20b) m response to an operand applied to 
the first one of tiie fimctional units (20a) also during ^ecution of tiie combinatioa instruction 
-within the instruction execution cjrcle, and a second clock rate that is too ftst to 
accommodate said latency in the instruction c^cle, but accommodates latency of instructions 
from said sub-sets. 

5. An instruction controlled data processing device according to Claim 1 , 
wherein the instruction issue unit (10) has a further issue slot and the register file (14) has a 
further read port, the device comprising a further functional unit (40b) having a control input 
coupled to the further issue slot and an operand input coupled to tiie fiirther read port, the 
control unit (28) being arranged to route the result output of the fiirtlier fimctional units (40b) 
to a further operand input of the second one of the fimctional units (20b) under control of the 
combination instruction, bypassing the register file (14) under control of flie combination 
instruction. 

6. An instruction controlled data processing device according to Claim 5, 
programmed with a program tiiat contains a VLIW instruction that contains a command for 
the fiirtiier functional unit (40b) and the combination instruction fi>r ihe group of functional 
units (12) fin- issue in a same instruction cycle. 

7. An instruction controlled data processing device according to Claim 1 , 
wherein the control unit (28) is acraaged to make the second one of tiie functional units (20b) 
respond to the combination instruction in an instruction execution cycle fi)Ilowing an 
instruction execution cycle in wbidbi the first one of the functional imits (20a) responds to the 
combination instruction. 

8. An instruction controlled data processing device according to Claim 7, 
wherein the result of the firat one of the fimctional units (20a) is touted without intermediate 
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latching fixna the first one of llie ftmctional units (20a) to the operand input of the second one 
of the functional units (20b). 

9. A notetfaod of executing a processing tadi^ the method comprising 
providing a scaup of finctional units (12), 

issuing successive instractians to the groiq> (12); 

executing those of the instructions that are of a first t^e each with an 
individual one of the fimctional units (20a,b), 

executing an instructions that is of a second type wiSti a first and a second one 
of the fimctional units in series (20a,b); 

routing a result of the first one of the fimctional units (20a) to an operand of 
the second one of the fimctional units (20b) in response to the instruction of the second type. 

10. A method according to Claim 9, wherein the first and die second one of the 
fimctional units (20a,b) respond to the instruction of the second type in a same instruction 
execution cycle, the method comprising 

selecting an instruction cycle rate fix)m at least a first and second rat^ the first;, 
rate being so slow that execution of a combination instruction by a cascade of at least two of : - 
the fimctional units (20a,b) fits witibin an instmction cycle at the first rate, the second rate 
being so &at tiiat only execution of instructions by single ones of the fimctional units fits 
within the instruction execution cycle at the second rate, execution of the combination 
instruction not fitting within one. instruction execution cycle at tiie second rate; 

adapting the instructions used to execute the processiug task to the selected 
instroction cycle xate, so that the combination instruction is used 'v^ien die task is executed at 
the first rate and llie combination instruction is replaced by instructions of die first type with 
corresponding effect when die task is executed at the second rate. 

11. A method according to Claim 9, comprising 

issuing the successive instractions eadi as part of a VLIW instruction word 
that contains a pluraUly of instractions fbr respective fiirifaer fimctional units (40a,b); 

including in the instmction word that contains the instruction of the second 
type an fijrther instraction for a particular one of the finrther fimctional units (40a,b); 
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routing a further result of the further instruction from the particular one of the 
further fiinctional units (40a,b) to a ftirtiier operand input of die second one of the functional 
units (20b) in response to the instruction of the second type. 
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The data processing device has a plurality of fiinctional units and issues 
instructions in successive instruction cycles. Instructions of a first type are each intended for 
one functional unit at a time. An instruction of a second type causes a combination of 
ftmctional units to respond in the same instruction execution cycle, a result from one 
5 functional unit being used by another as part of the execution of the same instruction. 

Preferably, tiie device supports alternative operation at a number of difibrent instruction cycle 
rates, dependent on whether an executed program segment contains iostructions of the second 
type. The ftstest instruction cyde rate does not allow execution of tiie instruction of the 
second type, because operation by different fixnctional units does not fit within the instruction 
10 execution cycle. When possible, the device saves power by switdung to a slower clock rate, 
in v^ch case uistructions of the second type are executed to save additional power, by 
reducing the number of instructions that have to be issued. 

Fig.l 
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